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Detailed explanation of the invention 

This invention relates to an internal control circuit in a semiconductor integrated circuit 
such as a microprocessor that has a low current consumption operating mode. 

Accompanying the development of large-scale integrated circuit technology 
microprocessors have become widely used in recent years, and a large number of improvements 
have been made. The trend is for elements to be made microscopic, with the degree of integration 
being increased, the operating speed of the elements becoming faster, and the power current 
consumption being reduced. 

Until now, low current consumption semiconductor integrated circuits have been made by 
means of elements called complementary MOS (Hereinafter, abbreviated as CMOS), but there 
was the limitation that the operating speed was slow. This problem has also been gradually 
resolved by means of advances in large-scale integrated circuit technology, and large-scale 
integrated circuits, such as microprocessors, in which the operating speed is comparatively fast 
have been made using CMOS. 

With this CMOS microprocessor, in order to further increase the effects of the particular 
low current consumption characteristics due to the fact that it is a CMOS, there are cases in 
which it has a low current consumption operating mode. In the low current consumption 
operating mode, the CMOS microprocessor stops an internal clock, stops the operation, and 
makes the current consumption small. 

Incidentally, when a CMOS microprocessor is stopped in a low current consumption 
mode, a control signal output for the purpose of not stopping the operation of peripheral 
equipment is generally output on a control signal line, address data that is also on an address bus 
that is connected to a memory or the like is also outputted, and the data bus is stopped in a state 
of high impedance. When the CMOS microprocessor is stopped in this manner, there are 
instances when the other equipment that is connected to the CMOS processor, data bus, address 
bus, and control signal line have usage requirements for the data bus, address bus, and control 
signal line. For example, in cases such as DMA transmission, when the normal operations are 
being conducted the usage demand for the data bus, address bus, and control line (called bus 
request hereafter) is outputted to the CMOS microprocessor, the CMOS processor places the data 
bus, address bus, and control signal line in a high impedance state, and the use of other 
equipment is made possible, but this becomes impossible with a CMOS microprocessor that is 
completely stopped by stopping the internal clock in a low current consumption operating mode. 
Also, in an ordinary microprocessor, because normal operation becomes impossible, when a bus 
request and a maskable interrupt or non-maskable interrupt request are received, if these are 
received within a machine cycle, these requests are received by means of a signal showing the 
final point of the machine cycle, but when [it] enters a low current consumption operating mode, 



and returns to a normal operating mode by releasing the low current consumption operating mode 
such that the state in which the internal clock is completely stopped is not the final point of the 
machine cycle, if it immediately stops in a state in which the interrupt request is not received, it 
returns to the ordinary operating mode, and if there is no unnecessary machine cycle, the 
interrupt request is not received. 

This invention takes the above-mentioned drawbacks into consideration and offers a 
semiconductor integrated circuit wherein bus requests of other equipment are received even 
during a low current consumption operating mode and it becomes possible to enter interrupt 
processing immediately without waiting for an unnecessary machine cycle and the interrupt is 
permitted for the interrupt request. 

This invention is characterized in that it has a low current consumption operating mode 
control circuit that, when a signal in which a low current consumption operating mode setup 
command is decoded by an instruction decoder, and a signal showing the final point of a machine 
cycle for the machine cycle control circuit, are received, generates a control signal related to the 
low current consumption operating mode, and according to that control signal a clock control 
circuit generates a clock that stops and a clock that does not stop during the low current 
consumption operating mode; a bus request control circuit, a status signal control circuit, and an 
interrupt signal processing circuit which operate by receiving both of those clocks and an output 
of the low current consumption operating mode control circuit; and a low current consumption 
operating mode signal generating circuit. 

Translation of portion that the Examiner pointed out 

Reference No. I (page 2, [one 15 of lower left column to page 3- line 10 of upper right 
column) 

Figure I show a first embodiment of the present invention. In an instruction fetch 
cycle, a low current operation consumption mode setting instruction inputted to a data bus 
buffer 1 from an external data bus 13 is kept in instruction register (2), and inputted to an 
instruction decoder 3 according to a signal 15. A result decoded by the instruction decoder 3 
is inputted to a low current consumption operation mode control circuit 4 according to a 
signal 16. According to this signal 16 and a signal 31 from a machine control circuit 11 
indicating an end of a machine cycle and a clock 20 operating during a low current 
consumption operation mode, the low current consumption operation mode control circuit 4 
outputs a signal 17 to a clock control circuit 5 for halting a clock in the low current 
consumption operation mode, and outputs a signal 18 to a status control circuit 6 for 
controlling a status signal 27, and a signal 19 for controlling a bus request control circuit 7 
and an interrupt signal processing circuit 9 is outputted. 
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The clock control circuit 5 which halted clock 21 in a normal operation mode 
according to the signal 17 supplies a clock 20 operating during the low current consumption 
operation mode to the low current consumption operation mode control circuit 4, the status 
signal control circuit 6, the bus request control circuit 7, the interrupt signal processing circuit 
9 and a low current consumption operation mode release signal generation circuit 10. The 
status signal control circuit 6 controls a variety of status signals 27, and receives clocks 20, 
21, the control signal 18 in the low current consumption operation mode and an output 22 of 
the bus request control circuit 7. The bus request control circuit 7 receives the clocks 20, 21 
and a control signal 19 in the low current consumption operation mode, and makes output 27 
of the status signal control circuit 6 and output 30 of an address bus control circuit 8 enter a 
high impedance state according to a signal 22 when a bus use request comes by means of the 
bus request signal 28, and returns allowance of use of the bus to a source of the bus use 
request by means of a bus request allowance signal 29. Also, when the use of bus is finished, 
it is reported that the use of bus is finished by means of the bus request signal 28, and 
depending on signal 22, each status signal 27 and the address bus 30 enter a normal output 
state and the source of the bus use request is informed that use of the bus is impossible by 
means of the bus request allowance signal 29. The interrupt signal processing circuit 9 
receives the clocks 20, 21 and the output 19 of the low current consumption mode control 
circuit 4 and sends a signal 23 to the low current consumption operation mode release signal 
generating circuit 10 so as to return to normal operation in order to perform interrupt 
processing in case of an interrupt allowance state when the interrupt request comes from an 
external component by means of an interrupt request signal 26. The low current consumption 
operation mode release signal generating circuit 10 sends a signal 24 indicating release of the 
low current consumption operation mode to the low current consumption mode control circuit 
4 by means of a signal 23 from the interrupt signal processing circuit 9 or a low current 
consumption operation mode release request signal 25 from the external component, and 
returns to the normal operation mode. 

Reference No. 1 (page 3, line 11 of upper right column to page 3, line 13 of lower right 
column) 

Next, Figure 2 shows a concrete example of a low current consumption operation 
mode control circuit 4 and a clock control circuit 5, and a portion of a status signal control 
circuit 6. A conventional microprocessor has a machine cycle control circuit 1 1 and accepts a 
bus request or an interrupt, using a signal 31 indicating an end of a machine cycle in order to 
avoid that a processing flow of instructions receives the bus request or the interrupt during the 
machine cycle whereupon it becomes an impossible to process an instruction. According to 
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this signal 31 and an output 16 of an instruction decoder 3 of a low current consumption 
operation mode setting instruction, the output 18 of the low current consumption operation 
mode control circuit 4 changes as shown at ® of a timing diagram of Figure 3, and a set 
signal 34 of a low current consumption operation mode status signal control circuit 33 that is 
a portion of the status signal control circuit 6 is obtained, controlled by the clock 20 operating 
at time of the low current consumption operation mode of the clock control circuit 5. An 
output 35 of the low current consumption operation mode status signal control circuit 33 
changes as shown at ® of Figure 3 and informs the external component that the low current 
consumption operation mode is being entered. The signal 18 is sent to a flip-flop of a next 
stage according to the clock 20 and changes as of ® of Figure 3 and an output 19 of the low 
current consumption operation mode control circuit 4 reporting the end of the machine cycle 
stops at the end of a machine cycle and stops the normal operation mode clock 21 by an 
output 17, and the device is set internally to the low current consumption operation mode at 
this time. The clock generating circuit 32 of the clock control circuit 5 may be an oscillator or 
one utilizing the clock from the external component. In the low current consumption 
operation mode release, according to the low current consumption operation mode release 
request signal 25 or the interrupt request signal 26 from the external component, when the 
output 24 of the low current consumption operation mode release signal generating circuit 10 
changes as at (D of Figure 3, the output 18 of the low current consumption operation mode 
control circuit 4 becomes "High" and it is sent to the flip-flop of the next state according to 
the clock 20, signal 17 becomes "Low" and the normal operation mode clock 21 starts to 
move, and also, the output 19 of the low current consumption operation mode control circuit 
4 returns to the normal operation mode. Furthermore, according to the clock 21, the low 
current consumption operation mode status signal 35 becomes "High" inform to the external 
component that the low current consumption operation mode ended, as shown at ®. 

An explanation was given above with regard to one application example of this invention, 
but with regard to portions not related to the low current consumption operating mode, because 
these are outside the object of this invention, they were specifically not included. Also, an 
explanation was given in the application example with regard to a maskable interrupt request 
signal and its control circuit, but it is also possible to apply the non-maskable interrupt request 
signal that is generally used, and its control circuit. Also, because a reset signal is used as a low 
current consumption operating mode release signal and there are limitations on the number of 
microprocessor terminals, it is also possible to not have a terminal specifically for the low current 
consumption operating mode release request signal. 

As was explained above, according to this invention, a semiconductor integrated circuit 
can be obtained wherein, even during a low current consumption operating mode, a bus request 
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and an interrupt request can be received, and moreover, if there is a request, processing of the bus 
request and processing of the interrupt can be done immediately. 

Brief description of the figures 

Figure 1 is a block diagram showing one application example of this invention, Figure 2 
is a diagram showing a partial concrete example of the low current consumption operating mode 
control circuit, the clock control circuit, and a portion of the status signal control circuit, and 
Figure 3 is a timing chart showing the operation of the circuits of Figure 2. 
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30 Address bus 

3 1 Signal showing final point of machine cycle 

32 Clock generating circuit 

33 Low current consumption operating mode status control circuit 

34 Low current consumption operating mode status signal set signal 

35 Low current consumption operating mode status signal 



//Insert Figures 1 to 4// 



Figure 1 



Figure 2 



8 



Figure 3 



